Background and Objectives: Pediatric out-of-hospital cardiac arrest survival outcomes are dismal (<10%).
team and hospital-level characteristics, and path analyses were performed to evaluate the contribution of patient volume, systems readiness, and teamwork on BLS, PEA, and VF adherence.
Results: A total of 101 teams from a spectrum of 50 EDs participated including nine low pediatric volume (<1,800/year), 36 medium volume (1,800-4,999/year), 24 medium-high (5,000-9,999/year), and 32 high volume (≥10000/year). The median total adherence score was 57.1 (interquartile range = 50.0-78.6). This was not significantly different across the four volume groups. The highest level of adherence for BLS and PEA domains was noted in the medium-high-volume sites, while no difference was noted for the VF domain. The lowest level of BLS adherence was noted in the lowest-volume EDs. Improved adherence was not directly associated with higher pediatric readiness survey (PRS) score provider experience, simulation teamwork performance, or more providers with Pediatric Advanced Life Support (PALS) training. EDs in teaching hospitals with a trauma center designation that served only children demonstrated higher adherence compared to nonteaching hospitals (64.3 vs 57.1), nontrauma centers (64.3 vs. 57.1), and mixed pediatric and adult departments (67.9 vs. 57.1), respectively. The overall effect sizes for total cardiac adherence score are ED type c = 0.47 and pediatric volume (low and medium vs. medium-high and high) c = 0.41. A series of path analyses models was conducted that indicated that overall pediatric ED volume predicted significantly better guideline adherence, but the effect of volume on performance was only mediated by the PRS for the VF domain.
Conclusions: This study demonstrated variable adherence to pediatric cardiac arrest guidelines across a spectrum of EDs. Overall adherence was not associated with ED pediatric volume. Medium-high-volume EDs demonstrated the highest levels of adherence for BLS and PEA. Lower-volume EDs were noted to have lower adherence to BLS guidelines. Improved adherence was not directly associated with higher PRS score provider experience, simulation teamwork performance, or more providers with PALS training. This study demonstrates that current approaches optimizing the care of children in cardiac arrest in the ED (provider training, teamwork training, environmental preparation) are insufficient.
P ediatric out-of-hospital cardiac arrest (p-OHCA) survival rates to hospital discharge with favorable neurologic outcomes range from 10% to 20%. [1] [2] [3] [4] [5] [6] [7] Outcomes are affected by a variety of factors including bystander cardiopulmonary resuscitation (CPR), the quality of prehospital care provided, and the arrest and postarrest care these children subsequently receive in the emergency department (ED) and intensive care unit. In the United States, ED care is provided to these children across a spectrum of over 5,000 hospitals. 8 Survival rates for nontraumatic p-OHCA are higher in EDs that care for children only compared to EDs that care for a mix of adults and children (odds ratio [OR] = 2.2, 95% confidence interval [CI] = 1.7-2.8).
9 Improved survival has also been noted when children are cared for in EDs classified as teaching hospitals (OR = 0.57, 95% CI = 0.50-0.66) or trauma centers (OR = 0.76, 95% CI = 067-0.86). 10 This study noted a difference in survival based on total annual ED volume, but was not able to comment on the association with annual pediatric volume. Another recent pediatric study across 108 centers found wide variability in mortality but did not find higher annual pediatric volumes to be associated with outcomes. 11 For adult patients, EDs with higher patient volumes have improved survival rates, supporting the volume-outcome relationship. 12, 13 Paradoxically, the majority of emergency care for children is not provided in high-volume or pediatriconly EDs. 8 Instead, most children in cardiac arrest are cared for in the ED closest to their home that likely cares for both children and adults. 8, 14 These community EDs vary in terms of the total volume of pediatric patients, and many children present to EDs that care for fewer than five children per day. 15 These lowerpediatric-volume EDs have been noted to be less "pediatric ready" when measured by a national survey. 8 A recent report noted that 30% of U.S. children do not live within a 30-minute drive time to an ED with high pediatric readiness. 16 To provide equitable care to children in cardiac arrest, all EDs should be expected to provide care that is adherent to evidence-based guidelines. Adherence to the current American Heart Association (AHA) life support guidelines has been associated with improved survival. [17] [18] [19] [20] Registries have been developed to measure adherence, explore the association of adherence and survival, and identify gaps in adherence as targets for improvement interventions. [21] [22] [23] Adherence to AHA guidelines in EDs has been described in adult patients; however, there are limited data on adherence to AHA guidelines in pediatric patients. 21, 24, 25 There are few detailed descriptions of adherence to pediatric cardiac arrest guidelines across the spectrum of EDs. Understanding factors that explain variations in adherence could help to identify modifiable factors at the provider or institutional level. Examination of these mediating factors is increasing in clinical research and may be an effective approach to identify pathways of modification and thus direct resources to effect change in the measured outcome. 26 The low frequency of pediatric cardiac arrest events in children, and particularly in lower-volume community EDs, necessitates novel approaches to research. Simulation-based research allows for the "on-demand" presentation of a patient with identical characteristics and preprogrammed responses to interventions. In situ simulation allows for measurement of interprofessional healthcare teams caring for this simulated patient in their own setting utilizing their own equipment and resources. 27, 28 This approach has been increasingly used to evaluate clinical settings and systems to help optimize emergency care. 29, 30 The primary objective of this article was to utilize in situ simulation to explore the relationship of hospital characteristics, particularly patient volume, to adherence to pediatric cardiac arrest guidelines. Secondary objectives included comparing adherence to other hospital, team, and provider factors. We hypothesized that the percent adherence to cardiac arrest guidelines would be associated with the annual pediatric patient volume of the ED (that EDs that care for more children would provide higher-quality care).
METHODS

Study Setting and Population
A group of investigators within INSPIRE 31 (International Network for Simulation-based Pediatric Innovation, Research, & Education) recruited teams of providers from their institutions' ED and other EDs in their geographic region. A spectrum of EDs was purposefully sampled to include various sizes, geographic locations, and staffing models across seven states. Each study session involved a series of simulations in an ED resuscitation room using local equipment, policies, and procedures. Individual providers were recruited to participate, with the goal of replicating an interprofessional team consistent with actual practice, including a minimum one physician or physician's assistant, three nurses, and two certified nursing assistants or emergency medical technicians. EDs staffed by a pharmacist or respiratory therapist included these individuals in recruitment. Each ED director recruited participants over a 1-month period by populating a sign-up sheet on a first-come, firstserved basis. Institutional review board approval was obtained from each of the collaborating academic medical centers for this project with the coordinating site and data center located at Yale University School of Medicine.
Study Protocol
This prospective, multicenter, cohort study evaluated interprofessional teams in their native ED resuscitation bays caring for a simulated 5-year-old child presenting in cardiac arrest. After informed consent was obtained, participants completed an anonymous survey on basic demographic information, professional length of clinical experience, and Pediatric Advanced Life Support (PALS) training. The cardiac arrest case was the fourth and final case at all sites and was preceded by three cases: foreign body aspiration, sepsis, and seizure. Each case was followed by a 30-minute scripted debriefing led by investigators (Data Supplements S1 and S2, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem. 13564/full). The debriefings of the first three cases did not discuss cardiac arrest guidelines or management.
Standardization of Simulation Scenarios and Environment
The teams were given a brief scripted introduction to the simulation including the functionality of the child-sized mannequin (Laerdal MegaCode Kid) and familiarization of the simulated medication drawer (Demodose, PocketNurse). Participants were instructed on how to place the patient on a monitor, insert an intravenous line, place pads, and administer medications. Teams were instructed to use their own local EDs real equipment and resources (cognitive aids, policies, protocols). They were informed that a monitor would display the vital signs and that point-of-care laboratory testing was available upon request. Finally, the participants were introduced to the parent actor, who could verbally supply patient history, and the facilitator, who could verbally provide additional clinical information to the team. The case initiated with an "EMS call" that reported the impending arrival of a 5-year-old drowning victim presenting in cardiac arrest and unfolded in real time dependent on the teams' interventions. The preprogrammed scenario and checklist were created for a prior study and iteratively refined for use in this study. A priori management goals for the successful completion of the case included the appropriate initial management of the presenting rhythm of pulseless electrical activity (PEA). After two doses of epinephrine the rhythm changed to ventricular fibrillation (VF) requiring defibrillation and resulting in a return of spontaneous circulation (Data Supplements S1 and S2).
Measures
Cardiac Arrest Adherence Score. The adherence score was derived from the AHA 2010 PALS and basic life support (BLS) guidelines and consisted of 14 components across three domains (Table 1) . 32 Each component was scored dichotomously as absent or present. Data were collected by a trained researcher at each site in real time during the simulation. All simulations were videotaped from two standardized camera angles (above the mannequin head and a panoramic of the room) with integrated multidirectional microphones and device to extract the monitor output using B-Line Live Capture Ultraportable (BLine Medical). 33 This allowed for data capture of specific timing and task completion through video review of performance. Videos were scored by two investigators to collect data on quantitative factors including the rate of compressions and rate of ventilations and recorded the duration of pauses in CPR using the Counter+ iPhone application. 34 Discrepancies in scoring were discussed until consensus was achieved upon rereview of the videos.
Provider Variables. Participants provided demographic and baseline data via an online data collection instrument (Data Supplements S1 and S2). 35 An MD composition variable was calculated for each team as the percentage of physicians on each team. This variable was calculated as the ratio of physician team members divided by nonphysician team members such as nurses and techs. Each team had a minimum of one MD and two RNs. The number of team members in each of the teams was not standardized in an effort to match the actual clinical staffing in each ED. Experience level of the team was calculated as the median number of years of experience for each team. Providers reported prior PALS training, and this was calculated as the percentage of team members who had prior PALS training.
Team Variables. Team performance was measured using the Simulation Team Assessment Tool (STAT). 36 The STAT is a published assessment tool with validity evidence for the case used in this project across four domains of pediatric emergency care including basic assessment, airway/breathing, circulation, and human factors/teamwork. The human factors/teamwork element of the STAT consists of 26 variables measuring three domains of teamwork including teamwork, leadership, and team management. These variables were scored on a trichotomous scale as 2 points (complete and timely), 1 point (incomplete), and 0 (needed and not done). Each team's STAT performance was scored through an additional retrospective video review by an attending physician, a nurse, and a resident physician (separate from the medical management scoring review). These three raters all completed 2 hours of rater training and 2 hours of rater calibration with the team who developed this tool.
Hospital/System Variables. Systems-level factors were measured using the Emergency Medical Services for Children (EMSC) National Pediatric Readiness Survey (PRS). This survey was completed at each site by nursing or physician leadership. This survey collects information regarding the pediatric preparedness of each institution including details on pediatric equipment, medications, and supplies; staff with pediatric expertise; and pediatric-specific policies, procedures, and protocols. 8 The survey elements were from the guidelines created by the American Academy of Pediatrics, The American College of Emergency Physicians, and Emergency Nurses Association in 2009. 37 PRS score of 100 indicates meeting the essential elements 
Data Analysis
Adherence data were gathered as described above and manually entered into Microsoft Excel version 14.0 (Microsoft Corp.) and transferred into SAS Version 9.2 (SAS Institute) for analysis. All data were examined for missing values. We determined a priori that teams with missing data related to the primary outcome would be excluded from analysis. None of the teams had missing data for the primary outcome. Some teams lacked teamwork score data owing to either lack of consent for videotaping or technical issues involving difficulty in hearing the audio feed to evaluate communication. Imputed scores versus scores deleted did not render any difference in outcome analyses. After these sensitivity analyses, we treated the data points as missing at random and used imputed scores to replace missing data. Analysis of data distribution and homogeneity of variance were conducted and informed the selection of appropriate statistical tests. The primary outcome variable was the total 14-component AHA adherence score divided into three cardiac arrest domains scores (BLS, PEA, VF). Each element was scored dichotomously (1 = adherent, 0 = not) and summed. A review of the distribution of total adherence score and three subscores demonstrated that all scores showed significant deviations from normality. Descriptive analyses were conducted, and team and hospital characteristics were reported by ED volume category by Pearson's chi-square tests or Mann-Whitney U-tests. The total adherence and subscores were examined by ED characteristics and assessed by Mann-Whitney U-tests. We examined differences in median cardiac adherence score by pediatric volume using the Wilcoxon test with the Dwass, Steel, Critchlow-Fligner method for pairwise comparisons. We report on differences in the cardiac arrest scores by sites and ED types with appropriate 95% CIs.
To examine the relationship between variables to predict the adherence subscores, we conducted a path analysis. This analysis used structural equation modeling examining the effect various variables (annual volume of pediatric patients treated, PRS score, STAT score, site team's experience in years, ratio of team members with PALS training, and the ratio of physicians to total team membership) had on the adherence subscores. For ease of interpretation, the predictor variables were centered on the median scores across the teams with the exception of pediatric volume size which was categorized by annual pediatric volume. We report the effect size difference in cardiac adherence by ED type and pediatric volume size using the Hedges and Olkin gamma index, which returns an effect size estimator based on the proportional difference between groups in values above the overall median adherence scores (using an alpha of 0.05).
These predictors were used in individual path analyses models predicting the three cardiac arrest domains using a PROC CALIS procedure in SAS software version 9.4 (SAS Institute, Inc.). For these models, we utilized full information maximum likelihood estimation to any response sets with missing data. Statistical significance of paths was evaluated using an a priori alpha level of 0.05, two-tailed, and the overall fit of models was judged well-fitting with comparative fit index (goodness of fit ≥ 0.05; Bentler comparative fit index ≥ 0.95), and root mean square error of approximation (≤0.05). We also used the Barron and Kenny test (1986) of the joint significance of the mediation paths (a and b; see Figure 1 ) to indicate that full mediation has occurred and the product of the paths (a 9 b) to assess the amount of mediation accounted for, 38 and the tests of significance of the products of the paths were conducted using the Sobel test. 39 
RESULTS
In total, 50 EDs with 101 individual teams were assessed: 16 teams were from PEDs and the remainder from GEDs. The teams and EDs varied in pediatric patient volumes; with 45 (44.5%) teams categorized as low to medium pediatric volume (<5,000 annual census) and 56 as medium-high to high (5,000 to >10,000 annual census). Table 2 shows the demographic characteristics of the sites and teams within these sites categorized by annual pediatric volume. There were significant differences in the pediatric patient volume, PRS scores, teaching hospital status, the presence of inpatient pediatrics, trauma center status, ED type, team MD composition, median PRS scores, and experience of teams.
Adherence Scores
Teams with higher levels of provider experience or percentages of providers with current PALS training did not demonstrate improved adherence. Neither teams with improved teamwork as measured by the STAT tool nor hospitals with higher PRS as measured by the EMSC survey. demonstrated improved adherence. Table 3 presents the mean score for the total adherence score and medians for the three subscores by ED type. While the total cardiac arrest score was not significantly different by annual pediatric patient volume, there was a trend by volume, whereby the low-volume EDs had the lowest cardiac arrest adherence (median = 50, 95% interquartile range [IQR] = 36-79) and the medium-high-volume EDs had the highest cardiac arrest adherence (median = 71, IQR = 52-79). We conducted pairwise comparison across the four pediatric volume groups; there were no significant pairwise differences in the total cardiac adherence scores. There were significant differences in BLS subscores by pediatric volume, with again the low-volume EDs scoring the lowest (median = 33, IQR = 17-67) and the medium-high-volume EDs scoring highest (median = 67, IQR = 50-67). The overall effect sizes for total cardiac adherence score are ED type c = 0.47 and pediatric volume (low and medium vs. mediumhigh and high) c = 0.41. Table 4 presents the percent adherence for all components by hospital volume. For the BLS domain, the ventilation rate, changing compressors and CPR fraction were all different across volume groups. For the PEA domain, the higher-volume departments were more likely to check a pulse prior to initiating CPR; however, the other variables were similar across Figure 1 shows the results of the structural equation modeling ("path analyses") with each cardiac arrest subscore-BLS, PEA, and VF-modeled separately (see Figure 1, Models 1, 2, and 3, respectively) . For clarity of presentation only those variables with significant path coefficients were displayed in Figure 1 and presented in Table 5 . Table 5 shows the results of the path analysis with all three models having acceptable fit statics indicating that the model was well specified. There was a significant direct path between Figure 1 . Results of the structural equation modeling ("path analyses") with each cardiac arrest subscore-BLS, PEA, and VF-modeled separately. BLS = basic life support; PEA = pulseless electrical activity; VF = ventricular fibrillation. median pediatric volume and the BLS and PEA cardiac arrest domain scores, which indicated that teams whose pediatric volume was higher than the median (adjusted for type-PED vs. GED) had a significantly better cardiac arrest domain score. Pediatric patient volume directly predicted both STAT and PRS scores, but the effects of PRS scores on the cardiac arrest domains was only evident for VF. The Sobel tests indicates that the mediation of pediatric patient volume on VF domain performance through teamwork was significant (t = 2.08, p = 0.04).
Path Analysis of Factors Contributing to Three Cardiac Arrest Domain Scores
DISCUSSION
Our study demonstrates significant variability in adherence to pediatric cardiac arrest guidelines across a spectrum of EDs. Contrary to our hypothesis, EDs with higher pediatric volumes did not have higher total cardiac adherence scores when we used pairwise comparisons. However, higher adherence was noted for the BLS domain. This finding contrasts with recent clinical data demonstrating improved survival in children presenting to higher-pediatric-volume EDs and academic medical centers. [9] [10] [11] [12] [13] Related to provider and team factors, all sites had comparable percentages of PALS-trained individuals, numbers of MDs in each team and reported team experience, suggesting that these factors did not affect adherence. Most study participants were current in their PALS certification, suggesting that the current training every 2 years may not be sufficient to ensure the provision of care in adherence to guidelines.
We conducted the mediation analyses to try to explain differences in team performance from the perspective of potentially modifiable factors that could be addressed at an ED site. Although pediatric volume had a direct effect on performance for the PEA and BLS cardiac domain scores, this in itself is not a modifiable factor, but we felt that it was important to understand the mechanism by which pediatric volume could operate on team performance across the cardiac skills we measured. Across all of the mediation models tested, pediatric volume did predict better teamwork and pediatric emergency preparedness. However, the only complete mediation path that was significant was the effect of PRS on VF performance as a significant explanation of why EDs with larger volumes performed better on this domain. As the PRS measures systems-level factors indicating pediatric emergency preparedness (such as details on pediatric equipment, medications, and supplies; staff with pediatric expertise; and pediatric-specific policies, procedures, and protocols), this suggests that the effect of the site ability for pediatric emergency preparedness is driving the performance of these teams. 8 The differences noted in BLS guideline adherence based on volume could be related to the differences in guidelines for children and adults. EDs that less frequently care for children may be more likely to hyperventilate due to stress or a lack of the requisite knowledge and skills. The lower adherence to the BLS component of changing compressors every 2 minutes may be associated with the more frequent use of smaller teams in these lower-volume EDs that are often in underresourced community settings (although our team size was standardized). This could result in a team member being more accustomed to continuing CPR without changing compressors, potentially leading to provider fatigue. Additionally, providers who generally care for adults may perceive the physical demands of pediatric CPR as "easy" compared to what is required for CPR in an adult, thus not requiring changes in compressors due to fatigue. Unfortunately, many teams had multiple interruptions of greater than 10 seconds during the care of this child in cardiac arrest. These interruptions have been associated with worse outcomes in clinical studies. 40 Although we did not collect quantitative data related to the etiology pauses, the study team noted the following elements of care resulting in pauses: 1) intubation procedure, 2) application of pads/preshock, 3) postshock delays, 4) rhythm checks, 5) changes in compressors, and 6) placement of the backboard. The use of a backboard was rare across all groups, in the debriefings, EDs reported that EMS would typically arrive with the patient on a board. The patient did not arrive on a board in our simulation and this may have differed from the actual care provided by EMS in these EDs; however, many pediatric patients are not brought into the ED by EMS and therefore would not have a backboard. The difference in pulse check between EDs in the PEA domain could be explained by the prototypical adult arrest victim has suffered a fibrillation arrest and is less likely to have a pulse upon presentation This could also be attributed to discomfort of the low-pediatric-volume providers in assessing pulses in children.
For the PEA domain, the majority of teams rapidly recognized and verbalized PEA and administered two doses of epinephrine. For the VF domain, it was surprising that the higher-pediatric-volume centers, which care for few adults, did not demonstrate inferior adherence. We expected that the mixed EDs who care for more adult patients would be more likely to be accustomed to using a defibrillator and applying the correct dose of epinephrine and energy. Half of all of the EDs did not continue CPR immediately after defibrillation; rather, they immediately checked the patient's pulse, leading to a delay in CPR or unnecessary postshock pause.
The variation in survival in different ED types is impacted by adherence to guidelines in the ED. The variation noted during ED care in this study does not fully explain the differences in survival from cardiac arrest noted in other studies. This is because survival from cardiac arrest is dependent on care across the chain of survival. Prior to the hospital, this includes the recognition of arrest, activation of EMS, bystander CPR, access to and application of electricity by bystanders, and basic/advanced EMS skills by EMS. These factors directly impact the patients state upon entering the ED. After the patient's arrival to the ED, the quality of postresuscitation care in the hospital (e.g., access to PICU or ECMO) and in rehabilitation centers also impact outcomes. Additional research is needed across these environments to understand the impact of each element. While many children with cardiac arrest initially present to a lower-volume ED, these patients will often be transferred to a higher-volume ED. Efforts to improve outcomes in the prehospital setting include CPR training for public and access to defibrillators.
Our study findings support recent literature showing variability in adherence to resuscitation guidelines and provide more granular data based on our use of simulation for measurement. These data could be used to inform the development of improvement interventions. Recent publications have reported improved adherence to guidelines with the use of bedside skills refreshers, simulation-based CPR curricula, formalized debriefing of real CPR events, and real-time CPR feedback. [41] [42] [43] [44] [45] Multiple studies have demonstrated that the skills acquired during advanced life support training programs deteriorate rapidly, within 3 to 12 months postcourse. [46] [47] [48] Brief, focused, and frequent retraining sessions improve skills retention and show promise as a new standard for training of ED providers. [49] [50] [51] 
LIMITATIONS
Limitations of our study include our use of simulated resuscitation scenarios to measure guideline adherence.
Our recruitment methods likely led to selection bias with individuals agreeing to participate being more or less skilled than other staff; however, this bias would be present in all EDs. The involvement of providers without other clinical duties at a scheduled announced time may limit generalizability. This approach was required to maximize participation and to minimize the impact on real patient care. The scheduling of the simulation sessions may have resulted in providers and/or the EDs preparing for the day. The three preceding simulations may have led to a training effect. Reviewers in our study were not blinded to ED type and this may have impacted their ratings. The initial study protocol planned to use blinded reviewers; however, after conducting the first series of simulations, we recognized that collecting the quantitative data for cases required both in-person and video-based data collection. To ensure consistency, in addition to the in-person ratings, two investigators scored all cases independently using video-based review. True blinding was not feasible due to the presence of hospital names on signage and participants' clothing. Additionally, the context of this study was limited to the ED care of these patients. Future work is needed to study the care provided across the chain of survival including prehospital (recognition and activation of EMS, bystander CPR [time to and quality of], access to and application of electricity by bystanders, and basic and advanced EMS) and postresuscitation care (in hospital and rehabilitation). Strengths of our study include our use of in situ methodology, allowing providers to respond to a cardiac arrest in their actual work environment, utilizing real equipment, resources, and personnel unique to their location.
CONCLUSIONS
This study demonstrated variable adherence to pediatric cardiac arrest guidelines across a spectrum of EDs. Overall adherence to cardiac arrest guidelines was not associated with ED pediatric volume. Medium-high-volume EDs demonstrated the highest levels of adherence for basic life support and pulseless electrical activity. Lower-volume EDs were noted to have lower adherence to basic life support guidelines. Improved adherence was not directly associated with higher pediatric readiness survey scores provider experience or simulation teamwork performance or more providers with Pediatric Advanced Life Support training. This study demonstrates that current approaches to optimizing the care of children in cardiac arrest in the ED (provider training, teamwork training, environmental preparation) are insufficient.
